The CXBK mouse strain is a recombinant-inbred strain derived by full-sib mating from a cross between C57BL/6By and BALB/ cBy mice (Bailey, 1971) . This strain has been used as a -opioid receptor (-OR)-deficient strain because CXBK mice have a low level of -agonist binding sites (Moskowitz and Goodman, 1985) and display a reduced sensitivity to morphine and the -agonist U-50488 (Ikeda et al., 1999) . For example, an important role of opioids in the analgesia induced by electroacupuncture and stress has been suggested because a lower level of electroacupuncture analgesia (Peets and Pomeranz, 1978) and lower levels of analgesia after defeat (Miczek et al., 1982) or swimming (Marek et al., 1988) are observed in CXBK mice, respectively. However, there is no molecular biological evidence that shows a deficiency of the -OR gene in CXBK mice. Furthermore, we have demonstrated recently that CXBK mice display an apparently different phenotype from that of -OR knock-out (KO) mice. This suggests that CXBK mice do not completely lack -OR (Ikeda et al., 1999) .
The main target of morphine is -OR, and this is considered to be one of the most important molecules in opioid-induced analgesia. Mice that lack the -OR gene (-OR-KO) are insensitive to morphine (Matthes et al., 1996; Sora et al., 1997b; Tian et al., 1997; Loh et al., 1998) and are less sensitive to ␦-and -agonists (Sora et al., 1997a Matthes et al., 1998 ) despite a normal expression of ␦-and -opioid receptors in the brain (Kitchen et al., 1997; Sora et al., 1997b) . Heterozygous mice with only one -OR allele have 50% less -OR protein than wild-type mice and show a reduced sensitivity to morphine (Sora et al., 1997b; Loh et al., 1998) . This suggests that the amount of -OR affects the sensitivity to opioid analgesics. Furthermore, polymorphisms in the -OR gene have been found recently in humans, and the relationships between these polymorphisms and a vulnerability to drug abuse and dependence have been investigated (Bergen et al., 1997; Berrettini et al., 1997; Bond et al., 1998) . The findings suggest that diversity of the -OR gene may contribute to interindividual differences in a sensitivity to opioids.
Because the opioid sensitivity of CXBK mice is similar to that of -OR-KO heterozygous mice (Ikeda et al., 1999) , we focused on the -OR gene as a candidate gene that could be responsible for the CXBK phenotypes. In the present study, we demonstrate that CXBK mice possess abnormally long -OR mRNA and that the CXBK -OR gene is correlated with a reduced -OR mRNA level and opioid sensitivity.
MATERIALS AND METHODS
Animals. The mice were housed in aluminum cages with littermates of the same sex (up to five per cage) in an environment maintained at 23 Ϯ 1°C, a relative humidity of 50 Ϯ 5%, and with a 12 hr light /dark cycle (lights on 7:00 A.M. to 7:00 P.M.). The mice had access to a standard commercial laboratory diet ad libitum (NM F; Oriental Yeast Co. L td., Tokyo, Japan) and water. C X BK mice were originally purchased from The Jackson Laboratory (Bar Harbor, M E). C57BL /6CrSlc (B6) and BAL B/cCrSlc (BAL B/c) mice were purchased from Japan SLC, Inc. (Shizuoka, Japan). The experimental procedures and housing conditions were approved by the Institutional Animal C are and Use Committee. All of the animals were cared for and treated humanely, in accordance with the animal experimentation guidelines of our institution.
Northern blot anal yses. mRNAs were separately prepared from the brain of each naive adult male mouse (Messenger RNA Isolation kit; Stratagene, La Jolla, CA). RNA size markers were purchased from Novagen (Madison, W I). The RNAs were electrophoresed on 1% agarose gel containing formaldehyde and transferred to a nitrocellulose membrane (PROTR AN; Schleicher & Schuell, Dassel, Germany) or a nylon membrane (Hybond-Nϩ; Amersham Pharmacia Biotech, Uppsala, Sweden). The probes for -, ␦-, and -opioid receptor mRNAs were prepared by PCR with Pfu DNA polymerase (Stratagene), pSPOR, pSPOR␦, and pSPOR (Ikeda et al., 1995b (Ikeda et al., , 1997 as the templates, respectively. The common pair of primers for fragments corresponding to the transmembrane V-V II regions of the receptors (ϳ100 amino acids) were 5Ј-C T(C /G)ATCATC(A / T)(C / T)(G/ T)GT(C /G)TG(C / T)TA-3Ј (sense primer) and 5Ј-GCGGATCC TTGAAGTT(C / T)TC(A / G)TCCAG-3Ј (antisense primer). The hybridization was performed at 60°C for ϳ20 hr in a hybridization solution (E xpressHyb Hybridization Solution; C lontech, Palo Alto, CA) with [ 32 P]-labeled probe (2 ϫ 10 6 cpm /ml). The blots were washed at 42°C in 0.1ϫ SSC (150 mM NaC l and 25 mM sodium citrate) containing 0.1% SDS. Autoradiography was performed and analyzed by using BAS-5000 Imaging Analyzer (Fujifilm, Tokyo, Japan). The values of photostimulated luminescence (PSL), which are proportional to the radioactivity in arbitrary measured areas (Amemiya et al., 1987) , were compared in quantitative analyses. The membranes were dehybridized in 0.1ϫ SSC solution containing 0.1% SDS at 100°C for 10 min. E xpressions of -, ␦-, and -OR mRNAs were analyzed using the same membranes. In situ hybridization. The probe for -OR mRNA was a 45-mer oligonucleotide complementary to a part of a -OR cDNA sequence, including the initial methionine codon (Ikeda et al., 1996) . The oligonucleotide was labeled with [ 33 P]dATP using terminal deoxyribonucleotidyl transferase (TaKaRa, Kyoto, Japan) and purified using a Sephadex G-25 Spin Column (Boehringer Mannheim, Indianapolis, I N). The specific activity of the probe was 5 ϫ 10 8 dpm /g. In situ hybridization histochemistry was performed as described previously (Ikeda et al., 1998) . Briefly, horizontal and sagittal sections of adult male B6 and C X BK mouse brains were placed on slides and fixed with 4% paraformaldehyde/0.1 M sodium PBS. The sections were hybridized in a hybridization solution containing 5 ϫ 10 3 dpm /l probe for 16 hr at 42°C. The slides were washed three times in 0.1ϫ SSC -0.1% Sarkosyl at 55°C for 40 min, dehydrated, and analyzed by using BAS-5000 Imaging Analyzer (Fujifilm). Values of PSL were compared by quantitative analyses. Afterward, the slides were exposed to Hyperfilm-␤-max (Amersham Pharmacia Biotech) for 2 weeks to obtain x-ray film images.
Nucleotide sequencing. The C X BK and B6 mouse brain cDNAs were synthesized with the corresponding mRNAs as the templates (1st Strand cDNA Synthesis kit; Clontech). Genomic DNAs were prepared from mouse tail or liver. DNA fragments were amplified by PCR with Pfu DNA polymerase. The PCR primers for -OR cDNA were 5Ј-GCGC-CTCCGTGTACTTCTAA-3Ј (sense primer) and 5Ј-GATGGCAGC-CTCTAAGTTTA-3Ј (antisense primer). The nucleotide sequence of the PCR product was analyzed with the PCR primers and other primers as follows: 5Ј-AACCATGGACAGCAGCGCCG-3Ј, 5Ј-GCCACTAGCAC-GCTGCCCTT-3Ј, 5Ј-CAGTGGATCGAACTAACCACCAGCT-3Ј, and 5Ј-GGATTTTGCTCAGAATGGTGGCATG-3Ј (Kaufman et al., 1995) . The PCR primers for the -OR genes (5Ј-flanking region to the translation starting site) were 5Ј-AATGCATTCTTGCTCCTCAAGGATC-3Ј (sense primer) and 5Ј-TCCCTGGGCCGGCGCTGCTGTCCAT-3Ј (antisense primer). The nucleotide sequence of the PCR product was analyzed with the PCR primers and other primers as follows: 5Ј-AGTGGGGGCACATGAAACAGGCTTC-3Ј, 5Ј-GAGGGTTATTAA-TGTTGTCCTTTAC-3Ј, and 5Ј-GTTGTTACAAAGAAACTTAGAG-TCT-3Ј (Liang et al., 1995) . The nucleotide sequencing was conducted by using PRISM 310 genetic analyzer (Applied Biosystems, Foster C ity, CA).
Behavioral tests. Naive adult (6 -15 weeks old) mice were used in all the experiments. Each mouse was tested in the daytime (not earlier than 8:00 A.M. and not later than 5:00 P.M.). After the mouse was weighed, the tail-flick, open-field, and hot-plate tests were performed (in that sequence) to examine the basal reactivities and activity. Morphine hydrochloride (10 mg/ml) was purchased from Takeda Chemical Industries Ltd. (Osaka, Japan).
Research Biochemicals, Natick, M A) was dissolved in distilled water, and the stock solution was stored at Ϫ20°C until used. Each drug solution was diluted to 1 mg /ml with sterilized saline (0.9% NaC l) on each experimental day. The drug solution was injected intraperitoneally to the mouse at a dose of 10 ml / kg. The tail-flick, open-field, and hot-plate tests were performed 10, 15, and 20 min after the injection, respectively. The tail-flick test was performed according to the method of D'Amour and Smith (1941) with a slight modification (Ikeda et al., 1999) . The cutoff time was 15 sec. The hot-plate test was performed according to the method of Woolfe and MacDonald (1944) with a slight modification (Ikeda et al., 1999) . The temperature of the metal plate was adjusted to 52.0 Ϯ 0.2°C. The latency, from the test start to the first jumping, was measured, and the cutoff time was 300 sec. The open-field test was performed as described previously (Ikeda et al., 1995a) . The horizontal and vertical locomotions of the mouse were measured for 300 sec. In the present study, because the various kinds of locomotion were well correlated, the walking distance was used as the mouse locomotion. An ANOVA and Scheffe's F post hoc test were used to statistically analyze the between group data, with p Ͻ 0.05 accepted as statistically significant.
RESULTS

Abnormal -OR mRNA in CXBK mice
To investigate the expression of OR mRNAs in CXBK mice, we conducted Northern blot analyses ( Fig. 1 A, B) . The CXBK mice had a large-sized (14.5 kb) -OR mRNA in their brain, whereas the progenitor strain of mice, B6 mice, had 12 kb -OR mRNA. The heterozygotes between B6 and CXBK mice had both mRNAs, although the signal for the 14.5 kb mRNA was faint. The other progenitor stain of mice, BALB/c mice, had only 12 kb -OR mRNA. The signal intensity for -OR mRNA in CXBK mice was reduced to ϳ60% of the intensity in B6 and BALB/c mice, when equal amounts of brain mRNAs were electrophoresed and analyzed. Although the size of ␦-OR mRNA was the same in all strains, the signal intensity for ␦-OR mRNA in CXBK mice was higher than that in B6 and BALB/c mice. The size of -OR Figure 1 . Northern blot analyses of CXBK mouse brain mRNAs. A, mRNAs (1.5 g) of B6 and CXBK (CX ) mouse brains were hybridized with cDNA probes for -OR mRNA. The size of the detected band in the CX lane was estimated at 14.5 kb (arrow), whereas that in the B6 lane was at 12 kb (arrowhead). B, mRNAs (4 g) of B6, heterozygote (He) between B6 and CXBK, CXBK (CX ), and BALB/c (BA) mouse brains were analyzed with cDNA probes for -, ␦-, and -ORs. The sizes of -OR probe-positive bands in the B6 and BA lanes were estimated at 12 kb and that in the CX lane was at 14.5 kb. The ratios of the signal intensities for the -OR probe in the He, CX, and BA lanes to the intensity in the B6 lane were 0.75, 0.6, and 1.1, respectively. The ratios of the signal intensity for the ␦-OR probe in the He, CX, and BA lanes to the intensity in the B6 lane were 1.1, 1.7, and 1.4, respectively. The signal intensities for the -OR probe in all lanes were even. The numbers next to the photographs indicate the RNA size in kilobases.
mRNA and the signal intensity for the mRNA in all strains were not significantly different. The size difference in -OR mRNA suggests that the -OR gene in CXBK mice may be different from that of the progenitor strain mice.
Distribution of -OR mRNA in CXBK mice
Next, by using in situ hybridization histochemistry, we compared the expression of the -OR mRNA in the CXBK mouse brains with that in the B6 mouse brains (Fig. 2) . In the CXBK mouse brain, the -OR mRNA was expressed in a variety of brain regions in a similar manner to the B6 mouse brain. However, the signal intensity for the mRNA in the CXBK mouse brain was significantly lower (ϳ70% of that in the B6 mouse brain), which was consistent with the results of the Northern blot analyses. Similar results were obtained using sagittal sections of the B6 and CXBK mouse brains (data not shown). These results suggest that the expression level of the -OR mRNA was homogeneously lower in the CXBK mouse brains.
A nucleotide difference between B6 and CXBK -OR genes
A part (2184 bases; GenBank accession number AB047546) of the -OR mRNA, including the entire coding region, was compared in B6 and CXBK mice (Fig. 3) . The sequence of the coding region (1197 bases) of the -OR mRNA in CXBK mice was identical to that in the B6 mice, indicating that the -OR protein structure is normal, but the untranslated region (UTR) of the -OR mRNA is abnormally long in CXBK mice. A sequence difference was not apparent in the examined 3Ј-UTR (726 bases), and there was only a single nucleotide sequence difference in the examined 5Ј-UTR (214 bases). This indicated that the difference in the size of the -OR mRNA between the B6 and the CXBK mice would be in the unexamined UTR of the -OR mRNA. We also compared a 5Ј-flanking region (1107 base pairs; GenBank accession number AB047547) with the translation starting site in the B6 and CXBK -OR genes. A sequence difference between them was not detected except that corresponding to the difference in the 5Ј-UTR. It was unlikely that the single nucleotide sequence difference caused whole CXBK phenotypes, because BALB/c A, Pedigree indicating relations of B6, CXBK, He, B6, CX, and He mice. Littermate mice were prepared by mating of heterozygotes (He) between B6 and CXBK (CX ) mice. B, Northern blot analyses of littermate mouse brain mRNAs with cDNA probes for -and ␦-ORs. mRNAs (1.3 g) in the brains of male littermate mice were analyzed. The sizes of the -OR probe-positive bands in the B6 and CX lanes were estimated at 12 and 14.5 kb, respectively. The ratios of the signal intensity for the -OR probe in the He and CX lanes to the signal intensity in the B6 lane were 0.7 and 0.5, respectively. The ratios of the signal intensity for the ␦-OR probe in the He and CX lanes to the signal intensity in the B6 lane were 1.2 and 1.9, respectively. Figure 2 . In situ hybridization showing the distribution of -OR mRNA in the B6 and CXBK mouse brains. Positive images made from an x-ray film are displayed. The signal intensity for the -OR mRNA in the CXBK mouse brain was lower than that in the B6 mouse brain (p Ͻ 0.005; n ϭ 6 for each group; Student's t test). CPu, Caudate putamen; Cx, cerebral cortex; MO, medulla oblongata; OB, olfactory bulb; S, septum. Scale bar, 2 mm. mice possessed the same nucleotide sequence in this region as CXBK mice (data not shown). However, the nucleotide difference made it possible to distinguish the CXBK-derived -OR gene from the B6-derived -OR gene in the following experiments.
Mice inheriting two copies of the CXBK -OR gene (CX)
To understand the correlation between the CXBK -OR gene and the CXBK phenotypes, we prepared littermates by mating heterozygotes between B6 and CXBK mice (Fig. 4 A) . These littermates were as follows: mice inheriting two copies of the B6 -OR gene (B6), mice inheriting the CXBK -OR gene (CX), and mice inheriting one copy of the B6 -OR gene and one copy of the CXBK -OR gene (He). First, using these littermates, we conducted Northern blot analyses to clarify whether the differences in the size and amount of OR mRNAs in the CXBK mouse brains were attributable to the CXBK -OR gene (Fig. 4 B) . The sizes of the -OR mRNAs in B6 and CX mice were estimated to be the same as the B6 and the CXBK mice, respectively. The signal intensities for the -and ␦-OR mRNAs in CX mice were low and high, respectively, when compared with the signal intensities in B6 mice. He mice possessed both of these -OR mRNAs in a similar manner to the heterozygotes between B6 and CXBK mice. These results suggest that the CXBK -OR gene caused the differences in the size and expression levels of the OR mRNAs in the CXBK mice.
Reduced sensitivity to opioids of CX mice
Second, using these littermates, we investigated whether the CXBK -OR gene is associated with reduction of morphine effects in CXBK mice. We conducted tail-flick and hot-plate tests for morphine-induced analgesia (Fig. 5 A, B) and an open-field test for morphine-induced hyperactivity (Fig. 5C ). These mice responded to the heat stimuli with similar latencies and showed similar spontaneous activity when they were not given morphine. However, after intraperitoneal administration of 10 mg/kg morphine, CX mice responded to heat stimuli with a significantly shorter latency than the littermates in both analgesic tests, indicating that the CX mice showed lower morphine-induced analgesia. In the open-field test, B6 and He mice walked similar distances before and after morphine administration, indicating that the decrease in locomotor activity attributable to habituation was counterbalanced by morphine-induced hyperactivity in these mice. In contrast, CX mice walked significantly shorter distances after morphine administration than they did before morphine administration ( p Ͻ 0.001; paired t test), indicating that morphine failed to counterbalance the inhibiting effects of habituation on the locomotion of CX mice. These results suggested that the reduced effects of morphine on nociception and locomotion in CXBK mice were correlated with the CXBK -OR gene. Third, using these littermates, we investigated whether the CXBK -OR gene caused reduced analgesic effects of (Ϫ)-U-50488, a selective -agonist, in CXBK mice. In a tail-flick test, CX mice responded to the heat stimulus with a shorter latency than the littermates after intraperitoneal administration of 10 mg/kg (Ϫ)-U-50488 (Fig. 5D ). This result suggest that the reduction of (Ϫ)-U-50488-induced analgesia in the CXBK mice was also associated with the CXBK -OR gene. These three correlations between the CXBK -OR gene and the CXBK phenotypes suggest that the CXBK -OR gene contributed to the CXBK phenotypes.
DISCUSSION
The gene responsible for CXBK phenotypes
When a novel phenotype appears during establishment of a recombinant-inbred strain, the phenotype is considered to be caused not by a single gene but by a combination of more than two genes (Bailey, 1981) . However, in the present study, we found that CXBK and CX mice possessed an abnormal-sized -OR mRNA, whereas both the two progenitor mice and B6 mice possessed a normal-sized -OR mRNA. This indicated that the CXBK -OR gene is different from the -OR gene of either of the progenitor mice. Furthermore, CX mice displayed the CXBK phenotypes, a reduced -OR mRNA level, and a reduced hot-plate ( B) , and open-field ( C) tests (n ϭ 10 for each group). There was a significant difference in tail-flick latency between the B6 and CX mice ( p Ͻ 0.05; repeated-measure ANOVA). In the hot-plate and open-field tests, there were significant interactions between the morphine effect and -OR gene-type effect ( p Ͻ 0.05; repeated-measure ANOVA) when CX and B6 mice were compared. D, Analgesia induced by (Ϫ)-U-50488 (10 mg/kg, i.p.) in adult littermate B6, He, and CX mice was investigated in a tail-flick test (n ϭ 6 for each group). There was significant interaction between the (Ϫ)-U-50488 effect and the -OR gene-type effect ( p Ͻ 0.05; repeatedmeasure ANOVA) when CX and B6 mice were compared. The white and striped bars represent the data before and after drug injections, respectively. All values are means Ϯ SEM. sensitivity to opioids. These findings suggest that the altered -OR gene in CXBK mice is responsible for the CXBK phenotypes. Because the -OR gene in CXBK mice seems to be different from either of the -OR genes in the progenitor strains, it may be appropriate to classify the CXBK mouse strain into the mutant strains. Our present findings could provide essential bases for the previous studies using CXBK mice as -OR-deficient mice (Peets and Pomeranz, 1978; Miczek et al., 1982; Marek et al., 1988) . Further investigation of the sequence differences between CXBK and wild-type mice would reveal the molecular mechanisms underlying the reduced -OR mRNA level and the reduced sensitivity to opioids in CXBK mice.
OR mRNA levels in CXBK mice
In the present study, we demonstrate a molecular mechanism that may underlie the reduced level of -OR protein in CXBK mice. We found that the amount of -OR mRNA in the CXBK mouse brains was reduced to 60% of the normal -OR mRNA amount in the control B6 and BALB/c mouse brains. These results suggest that the -OR protein level was reduced because of the reduced amount of -OR mRNA in CXBK mice. Duttaroy et al. (1999) , by using a RNase protection assay, have shown that the levels of -OR mRNAs are similar in CXBK and control mice. This is inconsistent with our present results. This apparent discrepancy could be attributable to differences in the detection methods, because intact mRNAs can be selectively detected in Northern blot analyses, whereas partially degraded mRNAs are included in the experimental data in RNase protection assays. Therefore, we conclude that the amount of intact -OR mRNA is reduced in CXBK mice. In addition, we observed that the amount of intact ␦-OR mRNA was increased in CXBK mice, a finding that is consistent with a previous report showing an increase of ␦-OR mRNA levels in several brain regions (Kest et al., 1998) . Because the amounts of ␦-and -OR mRNAs were reported to be unchanged in -OR-KO mice (Kitchen et al., 1997; Sora et al., 1997b) , there might be a specific mechanism for elevating the amount of ␦-OR mRNA in CXBK mice. Further investigations of the mechanism in CXBK mice may reveal interactions among the expression of -, ␦-, and -OR mRNAs.
Interindividual differences in analgesia
Pain perception differs among individuals (Dellemijn, 1999; Mogil, 1999; Uhl et al., 1999) , and the differences can be attributed to inherited factors as well as environmental factors. Several gene alterations associated with pathological pain perception have been identified by nucleotide sequencing or suggested by linkage analyses. These include mutations, in the tRNA Leu(UUR) (Goto et al., 1990) or P/Q-type Ca 2ϩ channel ␣1-subunit (Joutel et al., 1993; Ophoff et al., 1996) gene with familial migraine (Peroutka, 1998) , mutations in the neurotrophic tyrosine kinase receptor type 1 (NTRK1) gene with congenital insensitivity to pain (Indo et al., 1996) and a region including the NTRK2 gene with hereditary sensory neuropathy type I (Nicholson et al., 1996) . In addition to the genetic studies on pathological pain perception, differences in nonpathological pain perception have been studied by using interstrain differences in mice. For example, quantitative trait locus (QTL) analyses for basal nociceptive sensitivity and morphine-induced analgesia of the recombinant inbred strains between C57BL/6 (B6) and DBA/2, showed that the -OR (Belknap et al., 1995) , ␦-OR (Mogil et al., 1997) , and serotonin-1B receptor (Mogil, 1999) genes were associated with the traits. Similar analyses revealed that three loci, including the -OR gene locus, were associated with morphine preference (Berrettini et al., 1994) . However, nucleotide sequence differences in these genes have not yet been identified by the QTL methods. In the present study, by using a different approach of focusing on the OR genes, we found that the -OR gene difference was associated with a reduced level of -OR mRNA and a reduced sensitivity to opioids in CXBK mice. Considering the present findings together with the previous reports that show a reduced sensitivity to opioids in the heterozygous -OR-KO mice with 50% -OR mRNA (Sora et al., 1997b; Loh et al., 1998) , we propose that the low amount of -OR mRNA causes the reduced sensitivity to opioids. Interindividual differences in opioid analgesia may be partly attributable to divergent -OR mRNA levels because of -OR gene differences.
UTR differences and interindividual differences
The stability, localization, and translation of mRNAs are known to be affected by the UTRs (Decker and Parker, 1995) . It has been demonstrated in the nervous system that the 3Ј-UTR of the Ca 2ϩ channel ␣ 1B mRNA mediates calcium-dependent stabilization of the mRNA (Brook et al., 1992) and that the 3Ј-UTR of the growth-associated protein of 43 kDa mRNA is required for the stabilization of the mRNA in response to treatment with phorbol esters (Fu et al., 1992) . In addition, recent studies have shown that alteration of UTR is related to several diseases. For example, expanded CTG repeat in the 3Ј-UTR of myotonic dystrophy protein kinase mRNA is responsible for myotonic dystrophy (Verkerk et al., 1991; Mahadevan et al., 1992; Gecz et al., 1996) . The triplet repeats in the 5Ј-UTRs of fragile X mental retardation-1 (FMR1) (Gu et al., 1996) and FMR2 (Tsai et al., 1997; Schorge et al., 1999) mRNAs are associated with fragile X syndrome. The present study, which demonstrates a reduced level of -OR mRNA and a reduced sensitivity to opioids attributable to an abnormal UTR in CXBK mice, provides a novel aspect of the importance of the UTR. Because UTRs show little evolutionary conservation (Levitt, 1991) , the resulting diversity of UTRs might be the molecular mechanisms for various interindividual differences. Analyses of UTRs could lead to identification of the gene responsible for diseases and individual differences and might contribute in the future to custom-made medical treatment.
